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Abstract

Purpose—This study assessed medication use and associated costs among 8- and 15-yearold
children with autism spectrum disorders (ASD) identified by the South Carolina Autism and
Developmental Disabilities Monitoring (SCADDM) Network.

Methods—All Medicaid-eligible SCADDM-identified children with ASD from surveillance
years 2006 and 2007 were included (n=263). Children were classified as ASD cases when
documented behaviors consistent with the DSM-1V-TR criteria for autistic disorder, Asperger
disorder, or pervasive developmental disorder- not otherwise specified (PDD-NOS) were present
in health and education evaluation records. Medication and cost data were obtained by linking
population-based and Medicaid data.

Results—All 263 SCADDM:-identified children had Medicaid data available; 56% (n=147) had a
prescription of any type, 40% (n=105) used psychotropic medication, and 20% (n=52) used
multiple psychotropic classes over the study period. Common combinations were (1) attention
deficit hyperactivity disorder (ADHD) medications and an antihypertensive, antidepressant or
antipsychotic; and (2) antidepressants and an antipsychotic. Multiple psychotropic classes were
more common among older children. Both the overall distribution of the number of prescription
claims and medication costs varied significantly by age.

Conclusions—Results confirm that medication use in ASD, alone or in combination, is
common, costly, and may increase with age.
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Introduction

Methods

National survey and administrative data suggest that children with autism spectrum
disorders (ASD) have high rates of prescription drug use. Between 30% and 60% of youth
with ASD are prescribed psychotropic medication for managing aggression, irritability,
hyperactivity, and other problem behaviors [1-5]. In addition, these children have
substantially higher medical costs than children without ASD [6], particularly in regards to
medication expenditures [7].

Though combination psychopharmacotherapy in ASD has not been well researched, the use
of multiple psychotropic drug classes may be increasing [4, 8, 9]. Data from the Autism
Treatment Network [10] and the Autism Society of North Carolina [11] suggest that nearly
half of children with ASD who use psychotropic medication are prescribed two or more
major drug classes. Since the early 2000s, multi-drug class use in ASD has been common
[12], though specific drug-class combinations are not often reported. In 2001, Mandell et al.
[8] reported that 20% of children with ASD in a Medicaid-eligible population who were
taking psychotropic medication were taking three or more different classes; specific drug
combinations were not reported [8]. Similarly, Esbensen et al. [12] found that the percentage
of adolescents with ASD who were taking three or more psychotropics rose from 12% to
19% between approximately 2000 and 2004. Again, no specific class combinations were
reported.

There may be an association between multiple medication use and intellectual disability in
ASD. A survey of more than 5,000 parents [4] found that 15.4% of children with ASD and
intellectual disability were prescribed three or more medications, compared to 6.5% of
children with ASD without intellectual disability [4]. However, another study showed that of
individuals with high-functioning autism who took psychotropics, the majority took multiple
classes [13]; most commonly atypical antipsychotics and antidepressants.

Previous research in this population has typically relied on parent-reported medication data
and volunteer participation [1, 2, 4, 5, 11, 12, 13], or administrative data where cases are
identified based on diagnostic codes [3, 8, 9]. Perhaps because of the long and difficult
process of obtaining an accurate and formal diagnosis [14, 15], 30% to 50% of children who
meet diagnostic criteria in the United States have never had a documented diagnosis of ASD
[16, 17]. Therefore, it is reasonable to believe that previous studies may not have included
many children with ASD. To the authors’ knowledge, this is the first medication utilization
research study in ASD to combine benefits of both active surveillance for case ascertainment
and administrative pharmacy records to obtain age-specific medication prevalence rates.

South Carolina is in a unique position to address these issues because of a population-based
surveillance project that identifies children with ASD based on standardized diagnostic
criteria obtained through multiple health and education sources, and does not require a
previous diagnosis for case ascertainment [18]. Furthermore, most surveillance cases are
Medicaid-eligible due to income, disability, or out of home placement. The purpose of this
study is to combine data from the South Carolina Autism and Developmental Disabilities
Monitoring (SCADDM) Network and a Medicaid claims database to assess medication use
among children with ASD. Specifically, the aims were to describe prescription drug use and
examine the associated costs among children with ASD using methods that do not rely on
volunteer participation, parent recollection, or a formal diagnosis.

South Carolina Autism and Developmental Disabilities Monitoring program (SC ADDM)
has partnered with the Centers for Disease Control and Prevention (CDC)’s Autism and
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Developmental Disabilities Monitoring Network (ADDM) since 2000 to monitor the
prevalence of ASD among 8-year old children across multiple birth-year cohorts [16, 17,
18]. Modeled after the CDC’s Metropolitan Atlanta Developmental Disabilities Surveillance
Program (MADDSP) [16], SC ADDM is an active, population-based surveillance project
that uses consistent methodology at multiple health and education sources to identify
children with ASD, including those who meet diagnostic criteria but do not necessarily have
a formal documented diagnosis [19]. South Carolina also recently completed a pilot
surveillance study of 15-year old children using the same methodology that was used in
previous 8-year old surveillance applied to a subregion of the original SCADDM
surveillance area [20, 21] (Figure 1). This area was selected due to the similar demographic
characteristics of the original SCADDM study area, while the assessment of 15-year olds
allowed for an appropriate pilot study to evaluate the ADDM methodology in terms of the
accuracy in case identification and classification among 8-year-old children in the target
study areas [21] (both 8- and 15-year olds in the current study were born in 1992).

Case Definition and Ascertainment

Data linkage

Details of the SCADDM Network methodology, surveillance area characteristics, case
definition, case ascertainment, and results of 8-year surveillance have been published
previously [18]. Briefly, the case ascertainment protocol is designed to capture both
previously diagnosed and undiagnosed cases of ASD by thoroughly screening educational
and medical records for children with a range of symptoms or classifications associated with
ASD [19]. Children were classified as an ASD case when documented behaviors consistent
with the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision (DSM-IV, TR) [22] criteria for autistic disorder, Asperger disorder, or pervasive
developmental disorder- not otherwise specified (PDD-NOS) were present in a
comprehensive evaluation by qualified professionals.

The first phase of the two-part case ascertainment process involved verification of residency
requirements to ensure at least one parent or guardian resided in the surveillance area during
the study year, and screening of records for behavioral key words [19]. Surveillance data
were obtained from area public schools, SC Department of Disabilities and Special Needs
(DDSN) boards, and the Medical University of SC [18, 21]. The second phase was to
determine case status through a systematic review of abstracted records by a trained
clinician using an objective coding scheme based on the DSM-IV ASD criteria [19]. This
study includes (1) all children with ASD who were identified in 2006 at 8-years old and who
were Medicaid-eligible between January 1, 2005 and December 31, 2006; and (2) all
children with ASD who were identified in 2007 at 15-years old and who were Medicaid-
eligible between January 1, 2006 and December 31, 2007. Thus, the study period was a 2-
year period of time including the surveillance year and one calendar year prior.

All confidentiality procedures were followed and appropriate regulatory approvals were
granted for the collection of data under the category of public health surveillance. Protected
Health Information (PHI) was collected initially to avoid duplication of cases across
multiple data sources. Following application and approval through Medicaid’s internal
review process, data linkages were made using unique identifiers common to both datasets;
PHI was then removed, resulting in a de-identified database to be used solely for the purpose
of case characterization. This dataset contained a two-year history of Medicaid-reimbursed
claims for each child, including the details of all pharmacy claims and total associated costs.
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Characteristics of children with case-defined ASD—Children were grouped such
that Group 1 included 8-years old in 2006, and Group 2 included 15-years olds in 2007.
Intellectual disability (1Q of <70) was recorded from each child’s SCADDM data, as was
sex. To allow separation of psychotropic versus non-psychotropic use of anti-epileptic
medication, an indicator variable was created based on the presence of epilepsy diagnosis in
the Medicaid record by International Classification of Diseases, 9th Revision (ICD-9) codes
345.xx (1-9) any time from birth through December 31st of the surveillance year.

Prescription data—Medication use was determined using Medicaid claims data
pertaining to the 2-year study period and was organized by class based on modified drug
information found in the DRUGDEX® System by Micromedex® Healthcare Series [23].
Dichotomous variables indicated the presence of claims for non-psychotropic and
psychotropic medications. Categories included anti-infectives, analgesics or anti-
inflammatory agents, gastrointestinal agents, allergy or upper respiratory agents, and
psychotropic medications. Specific psychotropic classes were antipsychotics (e.qg.,
aripiprazole, and risperidone); antidepressants (e.g., citalopram and sertraline); ADHD
medications (i.e., stimulants and atomoxetine); anticholinergics (e.g., benztropine and
amantadine); mood stabilizers (e.g., carbamazepine and levetiracetam); antihypertensives
(e.g., clonidine and guanfacine); anxiolytics (e.g., buspirone and lorazepam); and sedatives
or hypnatics (e.g., chloral hydrate and ramelteon). For children with a history of epilepsy,
mood stabilizers were classified as non-psychotropic. Antihypertensive medications were
included because evidence suggests the use of these medications among children with ASD
may reduce symptoms of hyperactivity, inattentiveness, impulsivity, and insomnia [24, 25,
26].

To determine multiple medication use, for each child the number of different psychotropic
classes prescribed during the study period was counted, and two dichotomous variables
indicated the presence of claims from (a) more than one, and (b) three or more different
psychotropic classes. The exact dates of individual prescription claims could not be
determined. Therefore, to quantify the variety of drug classes children were exposed to and
the associated costs during the two-year period, continuous variables included the total
number of all pharmacy claims stratified by non-psychotropics and psychotropics, as well as
total pharmacy costs.

Data analysis

Our primary outcome measures were the proportion of children in each age group with any
prescription claim, any psychotropic prescription, multiple psychotropic prescriptions,
number of prescriptions, and total prescription costs during the 2-year time period.
Categorical differences regarding variables of interest were tested for differences across age
groups using chi-square tests or Fisher’s exact test (where appropriate). Several continuous
outcomes of interest (e.g., the number and costs of prescriptions) were zero-inflated
variables, meaning that a large fraction of participants reported a value of 0. These data are
challenging to analyze and compare across groups due to the bimodal distribution, with one
mode at 0 and another mode at a higher value. To display these distributions, kernel density
estimates were used which essentially provide smoothed density plots. These are similar in
interpretation to histograms in terms of their shape, but are smoothed over the range of the
variable of interest and are a convenient way to display data which are zero-inflated. The
function density in R was used to generate these estimates and plots. To compare these
distributions, we used a two-part model and the associated two part test described by
Lachenbruch [27, 28]. Briefly, the test compares both the proportion of zeros in each group
(using a Pearson chi-square test statistic) and the distribution of the non-zero part (using a
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Kolmogorov-Smirnov test statistic). The resulting chi-square statistics from each part are
then combined to generate one p-value testing that there is a difference in distribution across
the groups compared. No adjustments were made for multiple comparisons, and results with
a p-value less than 0.05 were considered significant. Statistical analyses were performed
using SAS version 9.1 and R version 2.12.0.

Characteristics of the study sample

One hundred percent of the 263 children identified by the SCADDM Network were
Medicaid-eligible during the study period. There were 196 children who were aged 8, and
67 who were aged 15; fewer children were identified at age 15 because a smaller but
geographically similar study region was utilized [20]. There were 223 males (85%) and 40
(15%) females. Overall, 12% had a history of epilepsy, and 43% were intellectually
disabled. In the unadjusted analysis, neither epilepsy nor intellectual disability was
associated with sex or age. We found that 39% of 15-year olds and 33% of 8-year olds had
no record of a formal ASD diagnosis in their SCADDM records.

Medication use

Characteristics of medication use among children with case-defined ASD are shown in
Table 1. Overall, 56% (n=147) of children with SCADDM-defined ASD had a prescription
of any type filled during the study period; age was not statistically significantly associated
with the presence of any prescription claim (59% at age 8 versus 46% at age 15, p=.07).
There was no statistically significant difference across age groups for the use of
gastrointestinal agents (17% and 12% of 8- and 15-year olds respectively (p=.30)); however,
anti-infective agents were more common among 8- than 15-year olds (45% versus 25%, p<.
01), as were analgesics or anti-inflammatory agents (24% versus 12%, p=.04), and allergy or
upper respiratory medications (40% versus 18%, p=.001).

Psychotropic medication use—Forty percent (n=105) of all children used psychotropic
medication during the study period, with no statistical difference between the age groups
(p=.94). The most commonly prescribed medications were ADHD medication (21%),
antihypertensives (16%), antipsychotics (10%), antidepressants (9%), sedatives or hypnotics
(8%), anxiolytics (7%), mood stabilizers (4%), and anticholinergics (4%). Although the age
differences for the use of any psychotropic, and the use of ADHD medications were not
statistically significant, older children were prescribed significantly more antipsychotics,
antidepressants, mood stabilizers, and anxiolytics.

Combination use among children prescribed psychotropic medication—
Overall, 20% (n=52) used multiple psychotropic classes. Of the subgroup of 105 children
who were prescribed any psychotropic, 50% were prescribed multiple classes (40% at age 8
and 78% at age 15, p<.001). Significantly more 15-year olds with psychotropics were
prescribed three or more different classes compared to 8-year olds (44% versus 15%, p<.01).
The most common combinations were (1) ADHD medications and an antihypertensive
(23%), antidepressant (14%), antipsychotic (13%), or a sedative or hypnotic (9%); and (2)
antidepressants and an antihypertensive (12%), or an antipsychotic (11%), as shown Table 2.
Drug combinations including ADHD medications and antidepressants or antipsychotics, and
antidepressants and antipsychotics were more common among older children. The only drug
combination used more frequently among younger children was an ADHD medication and a
sedative or hypnotic. There was no statistical significance regarding the difference between
children with ASD and intellectual disability versus those with ASD without intellectual
disability who were prescribed three or more psychotropic classes (11% versus 8%, p=.47).
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Variability of medication use

Due to the distribution of these data, the common ways of comparing the means or medians
across groups to determine the probability that they share underlying parameters may
provide misleading results. As described in the statistical methods section, our analysis
approach accounted for both the large cluster of zeros in both groups as well as the skewed
continuous distribution of the remaining outcomes to show that the overall distribution for
the number of all prescriptions, non-psychotropic prescriptions, and psychotropic
prescriptions varied significantly across age groups (p<.0001, p<.0001, and p=.001
respectively). To demonstrate this in the same figure, standard graphical displays such as
boxplots are often not effective due to the large mode at zero. Instead, we used a density
plot, which is essentially a smoothed histogram, to display the empirical data (Figure 2).
Figure 2 provides scale-free estimates of the distribution of number of prescriptions for 8-
and 15-year old children. Among those children with ASD who were prescribed medication,
older children were prescribed a higher mean/median number of all prescriptions (53/46
versus 27/16), nonpsychotropics (17/6 versus 18/8), and psychotropic prescriptions (35/26
versus 10/2) compared to younger children.

Prescription costs

Among those children who had any prescription, the mean/median cost of all prescriptions
was $1380/$340 for Year 1 and $1670/$550 for Year 2. Over the 2-year study period, mean/
median prescription costs for 15-year olds were $6480/$1880, and $2130/$800 for 8-year
olds. Figure 3 demonstrates the significant difference in the distribution of costs between the
age groups, stratified by those with and those without psychotropics.

Discussion

This study combined population-based surveillance data with Medicaid to show that the use
of prescription medication and the associated costs may vary significantly by age among
children with SCADDM-identified ASD (autistic disorder, Asperger disorder, and PDD-
NOS). Younger children were more often prescribed anti-infective agents, analgesics or
anti-inflammatory agents, and allergy medications, while older children were more often
prescribed multiple psychotropic medications, antidepressants, antipsychotics, and
combinations involving ADHD medications, antidepressants, antipsychotics, mood
stabilizers, and anxiolytics. The only drug combination more frequently prescribed among
younger children than older children was an ADHD medication with a sedative or hypnotic.
Total pharmacy costs were particularly high among older children who were prescribed
psychotropics.

The 2-year rates of psychotropic medication use reported here are similar to claims-based
and survey data regarding current and annual medication use in ASD [2, 4, 5, 6]. Our results
that 40% of children who met SCADDM case definition for ASD used psychotropic
medication support previous survey data by Rosenberg et al [4], who found that 35% of
children with ASD took psychotropic medication.

Among Medicaid-eligible children with ASD identified by ICD9 codes, Mandell et al found
an annual rate of 56% for the use of any psychotropic medication [8], which is slightly
higher than our rate of 40%. However, the use of three or more different classes was similar
(9% and 11% [8]).

In line with evidence that younger age may be associated with an increased risk of side
effects and adverse events related to the use of SSRIs [29], we found that younger children
were prescribed tricyclic and other (TCA/other) antidepressants equally as often as older
children, though fewer younger children used SSRIs.
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We confirmed that multiple psychotropic medication classes are often prescribed to children
with ASD, and that this practice may be more prevalent among older children than in
younger children. In these data, the prevalence of medication was not statistically
significantly different across age groups. However, the overall distributions of the number of
prescriptions filled differed significantly; perhaps the decision to try a medication may have
been consistent, though older children were more likely to continue refilling or obtaining
new prescriptions compared to younger children. Possibly, conditions more common in
childhood that require acute treatment or non-psychotropic medication decrease with age,
though target behaviors such as impulsivity or inattention remain present or increase in
complexity. It is also possible that the age differences observed here could be explained by
the small number of children in the multiple-drug analyses. It is interesting to note that the
age differences observed correspond to a key transition in child development: from
childhood into adolescence. These findings have important implications for mental health
care providers, and should be considered by those who are involved in the mental health and
behavioral care of children and adolescents with ASD particularly as they transition from
one developmental period to another.

These findings should be interpreted carefully because of the difficulties in comparing
results from different geographic regions, ages, time periods, and sources due to regional
preferences, changes in diagnostic criteria, and emerging evidence-based interventions.

Strengths and limitations

This study has several limitations. Only the number and type of prescriptions filled among
children who were Medicaid-eligible were characterized. This could result in an
overrepresentation of a low-income population. However, although limited by the small
sample size, 100% of surveillance cases were Medicaid-eligible. This speaks to both the
generalizability of the current findings as well as the thoroughness and validity of the case-
ascertainment methodology. One explanation is that South Carolina has a Katie Beckett
waiver program (known as TEFRA) that provides Medicaid coverage for children with
disabilities who would not otherwise be eligible.

Though small, our sample size permitted manageability of a complex multiple-dataset
linkage with enough data to demonstrate the feasibility of using population-based
surveillance data and external administrative sources to examine prescription utilization and
costs among children with ASD.

The current study design did not allow for the analysis of medication adherence or reasons
for medication initiation or discontinuation. Appreciating these factors could result in
improved outcomes by identifying the overuse or underuse of medication. Although we did
not include race or type of ASD as variables in the analysis, previous research that included
seizure disorder and intellectual disability as covariates found no effect of race or type of
ASD on medication use [4]. Lastly, over the counter medications such as omega-3 fatty
acids and nutritional supplements [30, 31] were not included.

Despite the limitations, this study provides a more complete assessment of medication use
for several reasons. First, the study population is likely to be more complete, as all cases
were identified based on consistent diagnostic criteria (not considering formal diagnoses)
[19]. The population-based case ascertainment method may lower the risk of inflated
estimates of medication use due to a clinical sample. Capturing all psychotropic medications
filled during the year identified and one year prior, rather than a cross-sectional design
showed the variation of medication use and the variety of drug class exposure in this
disorder. Finally, controlling for co-occurring epilepsy allowed the distinction between
psychotropic and nonpsychotropic use of mood stabilizers in the analysis.
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Clinical significance

The high rate, variability, and cost of medications highlight the complex nature of ASD. As
medication usage becomes more common, concerns including drug-drug interactions,
increased costs, and medication errors should be considered. Many children with complex
needs undergo multifaceted and expensive medication regimens [32], though certainly
instances arise where polypharmacy has been researched (for example, the use of stimulant
augmentation with antihypertensives) [33]. As treatment guidelines are established,
determining how factors such as Medicaid eligibility category, severity of disability, age of
diagnosis, and regional preferences influence prescription practice should be done before the
appropriateness of prescription rates can be assessed. Ultimately, understanding multi-drug
regimes has implications for clinical, financial, and systems research.
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Figure 1.
South Carolina Autism and Developmental Disabilities Monitoring (SCADDM) Network
surveillance area (light grey) and subregion (dark grey).
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Figure 3.

The overall distribution of medication costs varied by age among those with any
psychotropic (p=.01), and among those without psychotropics (p=.03). Lines shown
represent smoothed density plots generated in the R package using the function density.
These are similar in interpretation to histograms, but are smoothed over the range of costs
and are scale-free.
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Table 1

Characteristics of medication use among children with case-defined ASD.

Age Group
Variable Total (N=263) 8 (n=196) 15 (n=67)  pvalue?
Male 223(84.8%) 168 (85.7%) 55 (82.1%)  0.478
History of epilepsy 31 (11.8%) 21(10.7%) 10 (14.9%) 0.356
Intellectual disability 113 (43.0%) 86 (43.9%) 27 (40.3%)  0.609
No previous ASD diagnosis 91 (35.0%) 65 (33.0%) 26 (39.0%) 0.703
Any medication prescription 147 (55.9%) 116 (59.2%) 31 (46.3%) 0.066
Gastrointestinal agents 42 (16.0%) 34 (17.4%) 8 (11.9%) 0.297
Anti-infective agents 105 (39.9%) 88 (44.9%) 17 (25.4%) 0.005
Analgesic/anti- inflammatory 55 (20.9%) 47 (24.0%) 8 (11.9%) 0.037
Allergy medications 90 (34.2%) 78 (39.8%) 12 (17.9%) 0.001
Any psychotropic medication 105 (39.9%) 78 (39.8%) 27 (40.3%) 0.944
Multiple classes of psychotropic 52 (19.7%) 31 (15.8%) 21 (31.3%) 0.005
Three or more classes 24 (9.1%) 12 (6.1%) 12 (17.9%) 0.004
ADHD medication? 56 (21.3%)  41(20.9%) 15(224%)  0.800
Antipsychotic 25 (9.5%) 12(6.1%) 13 (19.4%)  0.001
Antidepressant 24 (9.1%) 9 (4.6%) 15 (22.4%)  0.0001
SSRI 19 (7.2%) 6(3.1%)  13(19.4%)  0.0001
TCAJother 8 (3.0%) 4 (2.0%) 4 (6.0%) 0.109
Antihypertensive 43 (16.3%) 30 (15.3%) 13 (19.4%) 0.434
Mood stabilizer 10 (3.8%) 4 (2.0%) 6 (9.0%) 0.020
Anxiolytic 17 (6.4%) 9 (4.6%) 3(11.9%)  0.035
Sedative or hypnotic 20 (7.6%) 17 (8.7%) 3 (4.5%) 0.263
Anticholinergic 11 (4.2%) 8 (4.1%) 3 (4.5%) 1.000

ADHD- attention deficit hyperactivity disorder; SSRI- selective serotonin reuptake inhibitor; TCA/other- tricyclic and other antidepressants.
aChi square or Fisher’s exact test, 2-sided.

b . .
Includes stimulants and atomoxetine.
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The most common combinations of psychotropic medications among those with any psychotropic (n=105).

Age Group
Medication Combination Total n=(105) 8 (n=78) 15 (n=27) p value?
Multiple classes of psychotropic medication 52 (49.52%) 31 (39.74%) 21 (77.78%) 0.001
Three or more psychotropic classes 24 (22.86%) 12 (15.38%) 12 (44.44%) 0.002
ADHDP and antihypertensive 24 (22.86%) 17 (21.79%) 7(25.93%)  0.660
ADHDP and antidepressant 15 (14.29%) 6 (7.69%) 9 (33.33%) 0.001
ADHDD and antipsychotic 14 (13.33%)  7(8.97%)  7(2593%)  0.026
ADHDP and mood stabilizer 7(6.67%) 2(2:56%) 5 (18.52%) 0.004
ADHDP and sedative or hypnotic 9 (8.57%) 8 (10.26%) 1(3.70%) 0.295
Antidepressant and antihypertensive 13 (12.38%) 6 (7.69%) 7 (25.93%) 0.013
Antidepressant and antipsychotic 11 (10.48%) 4 (5.13%) 7 (25.93%) 0.002
Antidepressant and mood stabilizer 6 (5.71%) 2 (2.56%) 4 (14.81%) 0.018

ADHD- attention deficit hyperactivity disorder.

a. . . . .
Chi square or Fisher’s exact test, 2-sided, for differences across age groups.

b . .
Includes stimulants and atomoxetine.
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